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Abstract

Background: Hyssopus officinalis L. (hyssop), a species native to the Caspian Sea region, has been cultivated in the Republic of Moldova as aromatic plant
and has been used in folk medicine as antitussive, expectorant, carminative, digestive and sedative remedy.

Material and methods: The aerial parts of H. officinalis L., with pink, white and blue flowers, were collected from the collection of the Scientific Practical
Center in the Field of Medicinal Plants during flowering phase. The extracts were obtained with 70% ethanol by maceration with stirring. The concetration
of the extracts was done with the rotative evaporator Laborota 4011. Identification of phenolic compounds in dried extracts from hyssop herb was
carried out by thin-layer chromatography. The total content of hydrocyanamic acids was measured in plant products and dried ethanolic extracts, by
spectrophotometric method, with Arnow’s reagent. Quantitative analysis of total phenolic content was carried out by UV-spectrophotometry analysis,
using a Metertech UV/VIS SP 8001 spectrophotometer.

Results: The chlorogenic (Rf 0.47) and caffeic (Rf 0.93) acids were identified in the three genotypes of Hyssop herba, with pink, white and blue flowers.
The total of hydroxycinnamic acids, expressed in caffeic acid, for both, aerial parts and dry extract, was the highest in H. officinalis L. with white flowers
(1.484 mg/g; 3.014 mg/g respectively), followed by H. officinalis L. with pink flowers (1.190 mg/g; 2.915 mg/g) and H. officinalis L. with blue flowers
(1.015 mg/g; 2.851 mg/g).

The highest polyphenol content, expressed in gallic acid equivalent (GAE), was found in the dry extract of H. officinalis L. with blue flowers
(39.056 mgGAE/g dry extract).

Conclusions: This study showed that the extract of the Hyssopus officinalis L. containing phenolic compounds, can be used as a natural antioxidant in
pharmaceutical and cosmetic industries.
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Introduction curcumin and rosmarinic acid belong to this important

phenolic acid group [3].
Hyssopus officinalis L. (hyssop) belonging to the family

Phenolic compounds are members of the largest
group of plant secondary metabolites and have the main

function to protect the plants against ultraviolet radiation
or invasion by pathogens [1]. They can be divided into four
distinct classes based on the number of phenol rings and
structural fragments connecting them, namely phenolic
acids, flavonoids, stilbenes and lignans [2]. The first class
generally involves the phenolic compounds possessing
a carboxylic acid as the main functional group [3], thus
being named as phenolic acids, which are further split into
two groups, namely hydroxybenzoic and hydroxycinnamic
acids [4].

Hydroxycinnamic acid derivatives comprise a large
group of simple phenolic acids, are abundant in fruits,
vegetables and cereals and seeds of fruits. Ferulic acid,
caffeic acid, p-coumaric acid, chlorgenic acid, sinapic acid,

Lamiaceae, is a perennial herbaceous plant from Southern
Europe and some temperate regions of Asia. Hyssop,
which is one of the most important pharmaceutical herbs,
is extensively cultivated in central and South European
countries, such as Spain, France and Italy [4]. Hyssop
has thick ramified roots and several 20-60 cm high
wooden stems. This plant has small, paired, pointed and
very fragrant leaves and purplish darkblue, white and
occasionally red flowers [5-7].

Hyssop has been exploited for many uses. It is well
known for its aromatic scent, and as an ornamental and
bee attracting plant. The aerial parts are used in the food
industry as a condiment and spice or as a minty flavor.
In traditional medicine, the plant has long been used as
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a carminative, tonic, antiseptic, expectorant and cough
reliever [8].

The aerial shoots of this herbaceous perennial are use-
ful for the treatment of respiratory diseases, including
asthma, bronchitis and cough, as they contain chemicals,
such as terpenes, flavonoids, volatile oils, tannins and re-
sins [5]. In H. officinalis L., from flavonoids group, apige-
nin, quercetin, diosmin, luteolin and their glucosides, and
from other phenolic compounds - chlorogenic, protocate-
chuig, ferulic, syringic, p-hydroxybenzoic and caffeic acids
are present. Reports on the essential oils extracted from
aerial parts of H. officinalis L. revealed several principal
components, including terpenoids pinocamphone, isopi-
nocamphone and p-pinene [9].

The extracts and the essential oil isolated from
hyssop showed moderate antioxidant and antimicrobial
activity together with antifungal and insecticidal antiviral
properties, in vitro. The ethanol extract of hyssop has
been recently reported to present protective properties for
the gastric tract based on the adhesive stomach mucosal
compounds, and also significant anticoagulant and
antioxidant properties through reducing the production
of free radicals [5]. Animal model studies indicated
myorelaxant, antiplatelet, and a-glucosidase inhibitory
activities for this plant. The essential oil is mainly used for
flavouring and food preservation and for phytotherapeutic
uses [10]. Research suggests that hyssop essence has special
antimicrobial effects on bacteria, such as Streptococcus
pyogenes, Staphylococcus aureus, Escherichia coli and
Candida albicans [5].

The purpose of this study was to investigate the content
of the secondary metabolites accumulated in the aerial
parts of hyssop cultivated in the Republic of Moldova,
comparison of 3 genotypes with distinctive morphological
characters highlighted by the colour of flowers (blue, pink
and white) and evaluation of polyphenolic content and
antioxidant capacity of the extractive products of the plant.

Material and methods

As plant material, the aerial parts of 3 genotypes of
Hyssopus officinalis L. — hyssop with blue flowers, hyssop
with pink and white flowers, collected from the Scientific
Practical Center in the Field of Medicinal Plants of Nicolae
Testemitanu State University of Medicine and Pharmacy,
were used. The product was sampled during July 2022.

Obtaining the dry extract by the fractional macera-
tion method

The method of fractional maceration with stirring was
used for the extraction. 10 g of chopped plant product
(Hyssopi officinalis herba) were treated with 5 portions of
200 ml ethanol 70% each, in a ratio of 1:10. All extraction
phases lasted 60 min, with the separation of the extractive
liquid from the vegetable residue. Fractions of extractive
solutions stayed in the refrigerator for 5-6 hours at +50°C,
then they were filtered through Whatman filter paper

No 2, using the Buchner funnel. The Laborota 4011 digital
rotary evaporator was used to concentrate the extractive
solutions. The alcohol was evaporated at 40°C. The stirring
was carried out with a magnetic stirrer at room temperature
(11, 12].

Qualitative analysis by Thin Layer chromatography
(TLC)

The qualitative evaluation of the alcoholic plant ex-
tractions was carried out on a silica TLC plate. The time
of extraction was 60 min. Test solution: 0.05 g of dry
extract was dissolved in 70% ethanol in a 25 ml volumetric
flask. Reference solution: 0.1% solutions of rutin, hype-
roside, isoquercetin, quercetol, apigenin, luteolin, gallic
acid, chlorogenic acid, caffeic acid. Stationary phase: silica
gel plates. Mobile phase: ethyl acetate: formic acid: water
(6:9:90). Migration: 12.4 (extraction duration 1 hour) -
12.5 (extraction duration 15 min) cm. Plate drying: 100-
105°C for 10 min. Detection: The plate was sprayed with a
3% solution of AICL,. After 30 min the plate was examined
under UV light at a wavelength of 366 nm [12].

Determination of total hydroxycinnamic acids

The preparation of the stock solution from aerial plant
products was performed with 80 ml of 50% ethyl alcohol
mixed with 0.2 g of crushed plant product, boiled on a
water bath under reflux condenser for 30 minutes, then
cooled and filtered into a volumetric flask with 100 ml
capacity. The entire volume was adjusted to the mark with
50% ethanol. Stock solution of dry extracts: 0.01 g of dry
extract was dissolved with 80% ethanol, brought up to level
in a 10 ml volumetric flask with the same solvent. The test
solution: 1 ml of stock solution, 2 ml of 0.5 M hydrochloric
acid, 2 ml of Arnow’s reagent (prepared by dissolving 10
g of sodium nitrite and 10 g of sodium molybdate in 100
ml of water), 2 ml of 8.5% sodium hydroxide solution,
adjusted up to the mark of 10 ml with purified water. The
whole mixture was stirred. Blank solution: 1 ml of the stock
solution adjusted up to 10 ml with distilled water. The
absorbance of the test solution was immediately measured
at 518 nm [13].

Determination of total polyphenol content

The quantitative analysis of the polyphenols, in the
plant products of hyssop and in the dry extracts, was car-
ried out by the spectrophotometric method with the Fo-
lin-Ciocalteu reagent, using gallic acid as standard. The
samples from the dried hyssop extracts were prepared as
1 mg/ml with 70% ethyl alcohol. From each solution ob-
tained, an aliquot of 1 ml, 5 ml of Folin-Ciocalteu reagent
(1:10) was added, and stirred for one minute. After that
4 ml of 4% sodium carbonate solution were added. After
stirring the mixture was left for 2 hours at room tempera-
ture in a dark place. The absorbance on Metertech UV/
VIS SP8001 spectrophotometer at a wavelength of 765 nm
was measured. Total polyphenolic content was expressed
in mg gallic acid equivalent/g absolute dry mass of hyssop
extract. The total polyphenol in the analyzed samples was
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Fig. 1. Chromatogram of plant products (A) and dried extracts (B) of Hyssopus officinalis L. under UV light 366 nm

Samples from aerial parts with: 1 - white flowers, 2 - pink flowers, 3 - blue flowers. Standard substances: 4 - rutin,
5 - hyperoxide, 6 - isoquercetol, 7 — quercetol, 8 — apigenin, 9 - luteolin, 10 - myricetol, 11 - chlorogenic acid, 12 - caffeic acid

calculated using the calibration curve established under
the same conditions as the analyzed solutions. All mea-
surements were performed 3 times [14].

Determination of the antioxidant activity by the
DPPH method

Stock solution: in a 100 ml volumetric flask, 20 mg
of 1,1-diphenyl-2-picrylhydrazyl (DPPH) were added
and adjusted up to the mark with 96% ethyl alcohol
(concentration 200 mg/l). The given solution was kept at
+4°C, in aluminum foil, for no more than a week. 5 ml
of stock solution were withdrawn to a 50 ml volumetric
flask and adjusted up to the mark with 96% ethanol
(concentration 1 mg/ml). From this solution, the dilutions
for the calibration curve (200, 100, 75, 50, 25, 10, 5 ug/ml)
were prepared. The test solution: 1.5 ml of ethanolic
solution was added to 3 ml of DPPH solution (20 mg/l).
Absorbance was measured at a wavelength of 517 nm, 96%
ethyl alcohol was used as blank solution [15-17].

All chemicals used were of analytical grade. Gallic
acid, rutin, hyperoside, isoquercetin, quercetol, apigenin,
luteolin, chlorogenic acid, caffeic acid, sodium hydroxide,
sodium nitrite, Trolox, DPPH and Folin-Ciocalteu reagent
all were obtained from Sigma Aldrich Corporation.

The experiments were carried out in triplicates and
statistical analysis was performed by Excel 2020 using p<
0.05 significance level.

Results and discussion

Identification of flavonoids by TLC was performed to
identify flavonoids in plant products and dry extracts. The
extracts were dissolved in 70% ethanol. The analyzed sam-
ples and the controls were applied to the chromatographic
plate (20x20 cm). After the development, the yellow color
predominated, but the shades were different. The spots

were analyzed with an ultraviolet lamp (fig. 1). To identify
the substances, the Rf value and fluorescence of the spots
obtained with the sample solution and the Rf value and
fluorescence of the spots obtained with the reference solu-
tion were compared.

Thus, after analyzing the chromatogram in UV light at
A =366 nm it was observed that in all the three genotypes
of Hyssopus officinalis L. (white, pink and blue flowers),
the blue spots corresponding to numbers 8 and 9 could
be clearly observed, which denotes the presence of caffeic
and chlorogenic acids. Also, in addition to the identified
substances, a number of substances were separated on the
plate, which demonstrates the diversity of compounds
from the aerial parts of hyssop. The qualitative analysis by
TLC demonstrated the presence, in plant products, along
with the dry extracts, obtained from the 3 genotypes of
H. officinalis L., of chemical compounds from flavonoid
group: rutin (Rf = 0.21), caffeic acid (Rf = 0.93) and
chlorogenic acid (Rf = 0.47), the chromatograms of the
genotypes being practically identical.

Quantitative determination of total hydroxycinnamic
acids

The European Pharmacopoeia method, for determining
the total hydroxycinnamic acids (THA), describes the
determination of the THA in the aerial parts of the plant
and in its dry extract, using the Arnow’s reagent (10%
aqueous solution of sodium nitrite and sodium molybdate,
2 ml). Analysis of each sample was performed in triplicate.
Following the experience, it was observed that the leader
among the genotypes with the highest content of THA
expressed in caffeic acid was the H. officinalis L. with white
flowers (1.484+0.620 mg/g) as shown in fig. 2; the lowest
content of THA was determined in H. officinalis L. with
blue flowers (1.015+0.024 mg/g).
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H. herba with pink flowers 1.19

H. herba with white flowers 1.484

o 0.2 0.4 0.6 08 1 12 14 16

Fig. 2. The total content of hydroxycinnamic acids in plant
products from the aerial parts of Hyssopus officinalis L. (mg/g)

The evaluation of THA in the hyssop dry extracts,
revealed that the richest content was present in the dried
extract of H. officinalis L. with white flowers (3.014+0.114
mg/g) followed by H. officinalis L. with pink flowers
(2.915+0.126 mg/g) and H. officinalis L. with blue flowers
(2.851+0.103 mg/g).

Quantitative determination of total polyphenols
in plant products and dry extracts from the aerial
parts of Hyssopus officinalis L. was identified by the
spectrophotometric method in recalculation to gallic acid.
The absorbance was read on a UV-VIS spectrophotometer
over 90 min at a wavelength of 765 nm. The calibration
curve was prepared in the following concentrations: 0.01;
0.02; 0.03; 0.06; 0.08 mg/ml (fig. 3) in methanol from
standard 1 solution of gallic acid.

0.6 v = B85.948x + 0.0383
R* =0.9984
05
0.4
=
=03
=
02
0.1
0
0 0.001 0.002 0003 0.004 0005 0.006 0.007
C,mg/ml

Fig. 3. Gallic acid calibration curve

The total polyphenol content (TPC) was ca culated
according to the following formula: x=(y+0.0383)x250)
/88.948 in gallic acid equivalent mg/g dry mass. The high-
est amount of phenolic componds was determined in ae-
rial parts of hyssop with blue flowers (12.256+0.120 mg-
GAE/g) and the lowest content in aerial parts of hyssop
with white flowers (8.012+0.059 mgGAE/g), as shown in
fig. 4.

The spectrophotometric dosage of TPC in dry extracts,
demonstrated that the highest content was found in H.
officinalis L. with blue flowers (39.056+0.894 mg/g dry
extract), followed by the dry extract of H. officinalis L.
with white flowers (36.111+0.314 mg/g) and the dry
extract of H. officinalis L. with pink flowers (33.078+0.620

mg/g). The obtained results demonstrated the advantage
of concentration of liquid extractive products and solvent
evaporation, thus increasing the content of phenolic
compounds.

H. herba with white flowers 8.012

8.114

H. herba with pink flowers

H. herba with blue flowers 12.256

0 2 4 6 8 10 12 14

Fig. 4 The content of total polyphenols in plant products from
the aerial parts of Hyssopus officinalis L. (mgGAE/g)

There are only few reports on the polyphenolic content
of hyssop and no comparisons of different accessions of
the species. Németh-Zambori E. et al. reported significant
difference in the total phenolic content among genotypes,
that ranged from 443.64 mg/g DW (‘Erfurter Ysop’) and
329.32 mg/g DW (‘Hyzop lekarsky’) calculated as gallic
acid. The effect of the year was not significant, although,
detected a significant variety in year interaction for the
species cultivated in Hungary [18].

Determination of the antioxidant activity by the
DPPH method

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical is
a stable radical with a maximum absorption at 517 nm
that can readily undergo reduction by an antioxidant.
Because of the ease and convenience of this reaction it
now has widespread use in the free radical-scavenging
activity assessment [19]. Determination of the antioxidant
action using the DPPH test (tab. 1), revealed that all three
studied hyssop genotypes, H. officinalis L. with blue flowers
(IC,,=38.091 mg/ml), H. officinalis L. with pink flowers
(IC,,;=34.172 mg/ml) as well as H. officinalis L. with white
flowers (IC,=34.774 mg/ml) possess high antioxidant
properties, compared to the standard substance Trolox
(IC,,=3.15 mg/ml).

Table 1. Total phenolic content and antioxidant activity
of dry extracts from aerial parts of different
Hyssopus officinalis L. genotypes

Hyssop samples TPC THA IC,, mg/ml
Yyssop samp mg GAE/g | mg CA/g M=SD
Dry extract of H. herba | 3¢ 111, 314|3.014£0.114 34.7741.954
with white flowers
Dry extract of H. herba |33 170 6 630 12.915+0.126| 34.172+0.682
with pink flowers
Dry extract of H. herba | 54 56 0 8942 .851+0.103| 38.091£0.288
with blue flowers
Trolox 3.15+0.147

Each value is the mean + SD of three independent measurements

Fathiazad F. et al. demonstrated the total phenolic
content in the n-butanol and ethylacetate extracts of the
aerial parts of H. officinalis L. from Iran was found to be
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246 mg gallic acid equivalent GAE/g and 51 mg GAE/g
[20]. Comparing the polyphenolic content, the methanolic
extract obtained from Iranian H. officinalis L. var. angusti-
folius was richer than the ethanolic extract obtained from
Romanian hyssop (90 mg/g and 77.72 mg/g, respectively)
[10]. The antioxidant activity of ethanolic extract of H. of-
ficinalis L. (IC, =125.44+4.70 pg/ml), native to Romania,
was evaluated by DPPH radical scavenging, with Trolox as
a positive control (IC, = 11.20+0.20 ug/ml) [10].

The contents of total polyphenols in six samples of
H. officinalis L. were collected from five localities on the
territory of Montenegro, ranged between 64.1 and 112.0
mg GAE/g. The content of chlorogenic acid was in the
range between 23.35 and 33.46 mg/g, whereas rosmarinic
acid was present in lower amounts (3.53-17.98 mg/g).
The sample richest in chlorogenic and rosmarinic acids
was also the richest in total polyphenols. The methanol
extracts expressed moderate to weak antioxidant activity
(DPPH IC, = 56.04-199.89 pg/ml), compared to the rutin
methanolic solution [21].

Ethanolic extracts of H. officinalis L. var. angustifolius
stems, leaves, and flowers showed good antioxidant activity.
Inhibitory concentration (IC, ) for DPPH scavenging was
found to be 148.8+4.31 ug/ml for flowers, 208.2+6.45 ug/
ml for leaves and 79.9+2.63 ug/ml for stems [22].

Conclusions

The experimental findings show that dry extracts of
hyssop cultivated in the Republic of Moldova, contain
considerable amounts of hydroxycinnamic acids and poly-
phenols due to which, the free radical scavenging power,
determined with DPPH method is comparable with Trolox
standard. The findings of this study specify the importance
of Hyssopus officinalis L. as a readily available source of an-
tioxidants in order to prevent the occurrence of neurosis
and hyper-excitability, liver dysfunction, inflammatory
diseases for which free radicals are considered important
contributing factors.

References

1. Sova M, Saso L. Natural sources, pharmacokinetics, biological activities
and health benefits of hydroxycinnamic acids and their metabolites.
Nutrients. 2020;12(8):2190. doi: 10.3390/nu12082190.

2. Manach C, Scalbert A, Morand C, Rémésy C, Jimenez L. Polyphenols:
food sources and bioavailability. Am J Clin Nutr. 2004;79(5):727-47.
doi: org/10.1093/ajcn/79.5.727.

3. Kizil S, Hasimi N, Tolan V; Kiling E, Karatas H. Chemical composition,
antimicrobial and antioxidant activities of hyssop (Hyssopus officinalis
L.) essential oil. Notulae Botanicae Horti Agrobotanici Cluj-Napoca.
2010;38(3):99-103. doi: 10.15835/nbha3834788.

4. Figueredo G, Ozcan MM, Chalchat JC, Bagci Y, Chalard P. Chemical
composition of essential oil of Hyssopus officinalis L. and Origa-
num acutidens. ] Essent Oil Bear Plants. 2012;15(2):300-306. doi:
10.1080/0972060X.2012.10644051.

5. Moulodi F, Khezerlou A, Zolfaghari H, et al. Chemical composition
and antioxidant and antimicrobial properties of the essential oil of
Hyssopus officinalis L. ] Kermanshah Univ Med Sci. 2018;22(4):e85256.
doi: 10.5812/jkums.85256.

(us)

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Gonceariuc M. Genotipuri de Hyssopus officinalis L. cu continut i com-
ponenta diferitd a uleiului esential [Hyssopus officinalis L. genotypes
with different essential oil content and composition]. [Bul Acad Sci
Moldova. Life Sci]. 2013;1(319):86-96. Romanian.

. Ciobanu N, Cojocaru-Toma M, Pompus I, Chiru T, Ciobanu C, Benea A.

Plante din colectia Centrului Stiintific de cultivare a Plantelor medicinale
USMEF “Nicolae Testemitanu” [Plants from the collection of the Scientific
Center for Cultivation of Medicinal Plants of Nicolae Testemtanu State
University of Medicine and Pharmacy]. Chisinau; 2019. 214 p. ISBN 978-
9975-56-660-5.

. Venditti A, Bianco A, Frezza C, et al. Essential oil composition, polar

compounds, glandular trichomes and biological activity of Hysso-
pus officinalis L. subspices aristatus (Godr.) Nyman from central
Italy. Ind Crops Prod. 2015;77:353-363. https://doi.org/10.1016/j.
indcrop.2015.09.002.

. Fathiazad F, Hamedeyazdan S. A review on Hyssopus officinalis

L.: composition and biological activities. Afr ] Pharm Pharmacol.
2011;5(17):1959-1966. doi: 10.5897/AJPP11.527.

Vlase L, Benedec D, Hanganu D, et al. Evaluation of antioxidant
and antimicrobial activities and phenolic profile for Hyssopus offi-
cinalis, Ocimum basilicum and Teucrium chamaedrys. Molecules.
2014;19(5):5490-507. doi: 10.3390/molecules19055490.

Popovici I, Lupuleasa D. Tehnologie farmaceutica [Pharmaceutical
technology]. Vol. 1. Iasi: Polirom; 1997. 605 p. Romanian.

Benea A. Continutul polifenolic in extracte uscate de Hypericum perfo-
ratum L. din flora Republicii Moldova [The polyphenol content in dry
extracts of Hypericum perforatum L. from the flora of the Republic of
Moldova]. [Scientific Annals of Nicolae Testemitanu State University of
Medicine and Pharmacy. 14th ed. Vol. 1]. Chisinau: Medicina; 2013.
p. 411-416. Romanian.

Mahdavi H, Naderi MR, Esmaeili MH. Comparison of two spectro-
photometric methods for quantifying total hydroxycinnamic acids
in coneflower (Echinacea purpurea) preparations. ] Herb Drugs.
2018;8(4):235-242. doi: 10.14196/JHD.2018.235.

Singleton VL, Orthofer R, Lamuela-Raventos RM. Analysis of the
phenols and other oxidation substrates and antioxidants by means
of Folin-Ciocalteu reagent. Methods Enzymology. 1999;299:152-177.
https://doi.org/10.1016/S0076-6879(99)99017-1.

Flieger ], Flieger M. The [DPPH«/DPPH-H]-HPLC-DAD method on
tracking the antioxidant activity of pure antioxidants and goutweed
(Aegopodium podagraria L.) hydroalcoholic extracts. Molecules.
2020;25(24):1-17. doi: 10.3390/molecules25246005.

Osman AM. Multiple pathways of the reaction of 2,2-diphenyl-1-pic-
rylhydrazyl radical (DPPHe) with (+)-catechin: evidence for the forma-
tion of a covalent adduct between (DPPHe) and the oxidized form of
the polyphenol. Biochem Biophys Res Commun. 2011;412(3):473-478.
doi: 10.1016/j.bbrc.2011.07.123.

Ciobanu N, Cojocaru-Toma M, Ciobanu C, Benea A. Evaluation of
polyphenolic profile and antioxidant activity of some species cultivated
in the Republic of Moldova. Eurasian ] Anal Chem. 2019;3(13):441-447.
Németh-Zdmbori E, Rajhart P, Inotai K. Effect of genotype and age
on essential oil and total phenolics in hyssop (Hyssopus officinalis L.) ]
Appl Bot Food Qual. 2017;90:25-30. doi: 10.5073/JABFQ.2017.090.005.
Lu Y, Yeap Foo L. Antioxidant activities of polyphenols from sage
(Salvia officinalis). Food Chem. 2001;75(2):197-202. doi: 10.1016/
S0308-8146(01)00198-4.

Fathiazad F Mazandarani M, Hamedeyazdan S. Phytochemical analysis
and antioxidant activity of Hyssopus officinalis L. from Iran. Adv Pharm
Bull. 2011;1(2):63-67. doi: 10.5681/apb.2011.009.

Micovi¢ T, Topalovi¢ D, Zivkovi¢ L, et al. Antioxidant, antigenotoxic
and cytotoxic activity of essential oils and methanol extracts of Hys-
sopus officinalis L. subspices aristatus (Godr.) Nyman (Lamiaceae).
Plants. 2021;10(4):711. doi: 10.3390/ plants10040711.

Tahir M, Khushtar M, Fahad M, Rahman MA. Phytochemistry and
pharmacological profile of traditionally used medicinal plant Hyssop
(Hyssopus officinalis L.). ] Appl Pharm Sci. 2018;8(07):132-140. doi:
10.7324/JAPS.2018.8721.

/




A. Benea et al. Moldovan Medical Journal. December 2022;65(2):41-46 ORIGINAL RESEARCH

Authors’ ORCID iDs and academic degrees

Anna Benea, PharmD, PhD Applicant - https://orcid.org/0000-0001-9670-5045

Cristina Ciobanu, PharmD, PhD, Associate Professor — https://orcid.org/0000-0001-6550-6932
Nicolae Ciobanu, PharmD, PhD, Associate Professor — https://orcid.org/0000-0002-2774-6668
Irina Pompus, BioD, Scientific Researcher - https://orcid.org/0000-0002-7429-4609

Maria Cojocaru-Toma, PharmD, PhD, Associate Professor — https://orcid.org/0000-0002-8255-9881

Authors’ contributions

AB designed the study, performed the laboratory work and drafted the first manuscript; CC interpreted the data, revised the manuscript; IP
introduced into culture the species Hyssopus officinalis L., NC conducted the laboratory work; MC-T revised the manuscript critically. All the
authors revised and approved the final version of the manuscript.

Funding

The study was carried out with the support of project 20.80009.800724 “Biological and phytochemical study of medicinal plants with antioxidant,
antimicrobial and hepatoprotective action” within the State Program (2020-2023), contracting authority: National Agency for Research and
Development. The trial was the authors’ initiative. The authors are independent and take responsibility for the integrity of the data and accuracy
of the data analysis.

Ethics approval and consent to participate
No approval was required for this study.

Conflict of interests
No competing interests were disclosed.




